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[57] ABSTRACT

Air condition control for buildings, having a roof struc-
ture of roof trusses relatively widely spaced, between
which self-supporting roof plates are laid and covered
by a covering layer so that a gap is formed between the
covering layer and the roof plates. Air is passed in one
or the other direction through a ventilation opening in
the roof, through the air gap (13) and through ducts (9)
in the roof plates. Air sucked in from the atmosphere
through the ventilation opening passes through the
ducts to an air conditioning unit (5) and to a distribution
device (6) to maintain a suitable temperature in the
building. Air flow can also be inverted by being sup-
plied in the form of outdoor air to the air conditioning
unit (5) and after its passage through the building being
conducted away into the atmosphere through the roof
structure by the ventilation opening.

8 Claims, 10 Drawing Figures
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ARRANGEMENT FOR AIR CONDITIONING
CONTROL IN BUILDINGS

FIELD OF THE INVENTION 5

This invention relates to an arrangement for control-
ling the air condition in buildings, wherein the roof
comprises plates with substantial mass which are self-
supporting with a relatively wide span, and a covering
layer laid on the outside of the roof plates, between
which layer and plates a gap for air exchange with the
atmosphere is located and air is passed therethrough.

DESCRIPTION OF THE PRIOR ART

Co-operation between the carrying building structure !’
and ventilation installations heretofore has been utilized
to a relatively limited extent for controlling the air
condition in a building. Some examples, however, of
such integration do exist. Roofs of hall buildings, for
example, comprise plates, which are assembled of con- 20
crete elements with TT-shaped cross-section and cover
long spans. It was found that such concrete roofs,
owing to the relatively high heat capacity of concrete,
during successive warm summer’s days yield air condi-
tions, which are substantially better than those yielded
by roofs of a lighter weight with corresponding insula-
tion. In winter-time also certain savings in energy could
be obtained. An improved roof construction of this kind
implies, that the concrete plate is provided with a cov-
ering layer of sheet metal instead of asphalt roofing felt
and the ltke. Such a concrete-sheet metal roof renders
possible ventilation of the air gap between insulation
and covering layer and thereby offers special advan-
tages.

In connection with the use of precast elements for
multi-storey buildings, floor elements with longitudinal
holes have been utilized for branching the ventilation
system. At a specific design of such floors, the heat
storage capacity in the hollow floor has been utilized
systematically in such a manner, that in summer-time
the cool night air can be used for cooling the building
on warm days and that in winter-time excess heat pro-
duced during the day can be stored for heating purposes
during nights and holidays. |

A closely related development refers to so-called 45
exhaust air windows, where the transmission losses of
heat are reduced by window"s acting as solar collectors.
The warm air from the windows 1s passed into the
building, and consideration was made of the possibility
of storing this heat in the building structure, for example 50
in the floors.

" BRIEF SUMMARY OF THE INVENTION

The present invention, relates to buildings, the roof
constructions of which, briefly, comprise roof trusses, 55
‘which are arranged with relatively widely spaced rela-
tionship and between which self-supporting roof plates
-are located. The roof plates are covered by a covering
layer 1n such a manner, that a gap is formed between the
~covering layer and the roof plates. The invention is
particularly suitable for industrial buildings. According
to the invention air is passed in one or the other direc-
tion through ducts provided in the roof. When the air is
sucked in from the atmosphere through ventilation
cowls and passes through said means, the air is led to an 65
air conditioning unit and to a distribution device of
some kind within the building for the purpose of main-
taining a suitable temperature in the building. The air
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can also be led in the inverted direction and, thus, be
taken up 1n the form of outdoor air by the air condition-
ing unit and after having been passed through the build-
ing be conducted away through the roof structure into
the atmosphere by the ventilation cowls.

The 1nvention, comprises an arrangement which 1s
characterized in that the plates are formed with ducts,
which at one end have an opening, which is connected

‘both to the air conditioning unit and to intakes from the

building and which has one or more upward connec-

-tions to the air gap located thereabove. Several plates

can be arranged one after the other, and the ducts can
be connected by suitable pass-over means, which may
have openings in connection with the air gap. Espe-
cially suitable are roof plates of concrete with TT-
shaped cross-section, in which the ducts are laid in the
beam webs. The covering layer in this design preferably
consists of corrugated sheet metal, which is laid spaced
from the upper surface of the plate so that a 8ap is

formed.
By applying a number of operation cases to the venti-

lation of a building, substantial technical effects with

respect to the air condition and especially to energy

economy in the building can be achieved. |

When the ventilation air is sucked in from the air gap
into the ducts of the roof plates, the effects related
below can be obtained. o

Heat is recovered on occasions when the sheet metal
roof acts as a solar collector. |
- Transmission heat (leakage heat) through the insula-
tion to the gap beneath the covering layer is returned
into the building. The excess heat in the air in the upper
part of the building which is substantial at great room
heights, is supplied to the roof plates through heat trans-
mission and 1s recovered by the ventilation air flowing
through the ducts. The roof framing acts here as a heat
exchanger.

Due to the heat taken out W1th ventilation air in the
ducts of the roof framing, the air temperature in the
upper part of the building is lowered. The temperature
difference between indoor and outdoor air decreases,

~and the total heat transmission losses through the roof

decrease.

Owing to the possibility of positioning the connecting
openings through the insulation between the air gap and
the ducts in the roof plates (cold zones) in connection
with the necessary supports for the propped covering
layer, the thermal bridge effect of the openings is re-
duced substantially. S

When the roof is covered with snow, the gap ventila-
tion prevents the snow from melting at the covering
layer as long as the outdoor temperature is below 0° C,,
whereby the insulating capacity of the snow layer 1s
utilized, while the melting is accelerated when the out-
door temperature 1s higher than 0° C., so that the roof

plate s exposed more rapidly and can act as a solar

collector. | -

Ventilation through the gap eliminates the risks of
moisture damage to the insulation by leakage water
through the covering layer or by condensation in the
gap space.

The temperature variations, and thereby the move-
ments 1n the covering layer (roof metal sheet) are re-
duced because the layer is cooled by the air flow.

The heat accumulation capacity of the roof plates can
be utilized for time-shifted heaing with periodic excess
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heat or cooling of the room during day-time with cold
accumulated during the night.

The roof plates can be cooled efficiently with the
ventilation air in the event of fire, so that the resistance
against fire is increased substantially.

The effects of unintentional ventilation by leaks in the
roof are eliminated, in that such ventilation is caught in
the gap.

When ventilation air instead is supplied to the gap
from the hollow ducts, i.e. when the system is used
contrary to the direction described above, the effects

related below can be obtained.

The roof framing can be cooled with outdoor air
from the ducts and an air conditioning unit during warm
summer-days.

This also brings about a substantial temperature de-
crease in the air gap, so that the covering layer (roof
metal sheet) 1s cooled and extreme temperature move-
ments In the covering layer are prevented when the
roof 1s exposed to solar radiation on warm summer-
days.

When outlets for the ventilation air are positioned at
ridges in the form of separate fans, an added natural
ventilation effect is achieved.

Due to the lowered temperature in the air gap, the
inward heat leakage through the insulation in warm
weather 1s reduced substantially.

In the case when the roof plates consist of TT-shaped
concrete sections, the following degrees of freedom,
which are essential for a cold roof, are obtained:

I. Roof openings with sufficient width for smoke lids,
roof units etc. can be positioned substantially in any
place between the carrying beams of the TT-concrete
plate, irrespective of whether it is carried out during the
manufacturing process, at the assembly of the building
or at 1ts conversion. These recesses can be made with-
out requiring the TT-concrete plate to be lintelled.

2. The width of the plate can be varied for single
elements with non-modular length or width without
giving rise to disturbing production difficulties.

3. Sound-insulating slabs can be mounted between the
beam portions of the TT-concrete plates without
thereby appreciably obstructing heat exchange with the
indoor air at the roof level.

It can be suitable at times not to use certain of the
hollow ducts in the roof plates. This may apply, for
example, to hollow ducts near gutters adjacent a facade,
because hereby the gutter will not be cooled so much
that the water freezes and locks the gutter with the
known consequences resulting therefrom.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in greater detail hereinaf-
ter with reference to the accompanying drawings. The
description refers to a roof construction where the roof
plates consist of concrete elements, so-called TT-con-
crete plates, which are covered with corrugated sheet
metal. The invention, however, must not be regarded as
restricted to the embodiment described, because other
sectional configurations of concrete elements and also
forms of roof plates other than concrete elements and
covering layers other than corrugated sheet metal may
be used.

FIG. 1 1s a perspective, schematic view of a concrete
structure for an industrial building with several aisles
and with a roof structure for utilizing the invention,
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4

F1G. 2 1s a portion of a longitudinal cross-sectional
view on an enlarged scale through the roof structure
taken along line II—II in FIG. 1,

FIG. 3 1s a portion of a cross-sectional view on an
enlarged scale taken along the line III—III in FIG. 1,

F1G. 4 1s a cross-sectional view on an enlarged scale

taken along the line IV—IV in FIG. 2,
FIG. § is a portion of a longitudinal cross-sectional
view showing a T'T-concrete roof plate arranged ac-

cording to the invention similar to FIG. 2 and on a

larger scale,

F1G. 6 1s a flow-sheet for an operation case 1 accord-
ing to the invention, o

FIG. 7 is a flow-sheet shown in the same way for an
operation case 2, |

FIG. 8 is a flow-sheet for an operation case 3,

FI1G. 9 1s a flow-sheet for an operation case 4, and

FIG. 10 shows a modified roof shape in accordanc

with the invention. |

DETAILED DESCRIPTION

In FIG. 1 a building constructed according to the
present invention is shown schematically and perspec-
tively. The roof of the building is indicated only sche-
matically, in that the roof trusses 1 are shown and sup-
ported in a conventional manner. With reference to
FIG. 1, the invention, briefly, can be explained as fol-
lows. Between an outer covering layer of corrugated
sheet metal and the roof in the form of concrete ele-
ments a gap 1s located. In the roof plates, i.e. concrete
elements, ducts extend in the direction tranversely to
the roof trusses 1. The ducts are indicated in FIG. 1 by
the arrows 2. The dots 3 indicate openings from the gap
downward to the ducts. All ducts open into a main pipe
4, which then extends to an air conditioning unit 5.
From said unit extend conduit connections to supply-air
terminal devices 6, for example of low-impulse type,
which are located downwardly in the building and
supply the building with conditioned air for heating and
ventilation. | |

In FIG. 2, which 1s a longitudinal section on an en-
larged scale along the line II—II in FIG. 1, can be seen
how the roof plates 7 are laid between the roof trusses
1. The arrows 2 are the same as in FIG. 1 and indicate
the air flow through ducts 9 formed in the beam webs 8
of the roof plates. As appears from the Figure, connec-
tion exists between two plates 7 located one after the
other, which connection is indicated by the reference
numeral 10. Said connection implies a connecting de-
vice, which is located above the plates 7 and in the
insulation 11 laid above the plates. The pass-over de-
vices 10 have an opening 12, which opens into the gap
13 laid between the roof plate 7 and the covering layer
14 in the form of a corrugated metal sheet. FIG. 2 illus-
trates how the pass-over devices 10 are positioned at
each roof truss 1, and each pass-over device has an
opening 12 at said gap. It is also to be mentioned, that
the gap 1s located between the insulation 11 and the
lower surface of the covering layer 14. The arrows 2,
thus, indicate the air flowing through the ducts in the
roof plates, and the arrows 15 indicate the air flowing in
said gap.

FI1G. 3 1s a section along the line III—III in FIG. 1,
where the left-hand portion of the Figure shows the
wall 36 of the building which supports the gutter valley
37 and the roof plate 7. The ducts 9 extend through the
beam webs 8 of the roof plates 7. Above the roof plates
7 the insulation 11 is located, and between the insulation
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11 and the covering layer extends the gap 13. As can be
seen,-the right-hand one of the two ducts 9 includes a
pipe connection 16, which extends downward to the
duct 9 from the gap 13. In addition to the connection 12
shown .in FIG. 2, thus, further connecting places are
located between the gap 13 and the ducts 9. The con-
necting places preferably shall be so distributed that a
uniform flow condition for air from the gap 13 to the
~ducts 9, or vice versa, 1s obtained. Furthermore, a cer-

‘tain number of sealings (not shown) preferably can be
inserted with certain spaced relationship between the
covering layer and the roof plate transversely to the
roof trusses. Said sealings guide the flow of the air in the
gap 13, and a suitable distribution of the air flow can be
obtained.

FI1G. 4 1s a section along the line IV—IV 1n FIG. 2
and differs from the section according to FIG. 3 only in
that the scale is slightly greater and the longitudinal
extension of the section is shortened. In FIG. 4 can be
seen both the duct 9 in the roof plate and the connecting
pipe 16 from the gap 13 to the duct 9. The arrows 15
indicate the air flow from the gap 13 into the downward
‘pipe 16. According to the right-hand arrow 15, the air
flows over an attachment bar 17, which carries the
covering layer in the form of the corrugated sheet 14.
Where said bar abuts the lower corrugations, a passage
exists in the wave troughs above the bar 17. This pre-
vents or eliminates a thermal bridge arising via the bar
17 from the corrugated metal sheet 14. The opening 12
of the pass-over device 10 can open into a distribution
pipe (not shown) on the bar 17 which distributes the air
upward along the lower surface of the metal sheet.

FIG. 5 is a sectional view similar to FIG. 2 showing
a TT-concrete roof plate, which is provided with beam
webs 18 suitably distributed and extending between the
roof trusses 1. The roof plates hereby are self-support-
ing. The beam webs 18 include the aforementioned
ducts 9, and two different embodiments of the pass-over
devices 10 are shown. In the left-hand embodiment the
pass-over device 1s fork-shape with two legs of equal
length. The opening 12 to the gap 13, thus, is located
symmetrically relative to the legs. In the right-hand
embodiment the opening 12 is located directly in front
of one of the legs in the pass-over devices 10. Thus, the
pass-over devices 10 act to transfer air from the ducts 9
in one plate to corresponding ducts 9 in an adjacent
plate and to take in or remove air from the gap 13.

In the following, four operation cases are described
with reference to FIGS. 6-9, which schematically illus-
trate the air flow. Thicker lines indicate that air flow
takes place. The numeral 21 refers to the schematically
shown cross-section of the roof structure described
above, 3 designates the aforementioned air conditioning
unit, 22 designates a ventilation cowl on the ridge, and
23 1s a fan for outdoor air intake. The operation case
illustrated in FIG. 6 is applied during day-time as long
as the temperature v in the main duct to the air condi-
tioning unit 3 during day-time is lower than or equal to
the desired supply-air temperature v3 after the air condi-

tioning unit. The air 1s passed from the air conditioning

unit in a suitable way, for example via supply-air termi-
nal devices 6 (see FIG. 1), to the interior of the building.
The outdoor air being used, thus, 1s the air which tlows
through the ventilation cowls 22 according to the ar-
rows 24. The fan 23 can suck in air through the opening
25, but as mentioned it is not the case in the operation
case 1. Through a conduit 26, furthermore, return air
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can flow out into the ambient atmosphere. Said conduit
26 1s closed 1n this operation case 1.

As regards operation case 2, see FIG. 7. When the
temperature vy exceeds the desired supply-air tempera-
ture vy, the operation case according to FIG. 7 arises, in
which a mixture of outdoor air is supplied to the air
conditioning unit § via the ventilation cowls 22 and a
direct inlet. In this connection is to be added, that the
operation case 1 1s limited thereto by a lowest accept-
able temperature on the inner surface of the roof. This
lowest temperature can be hmited, for example, by the
risk of condensate precipitation on the inner surface of
the roof or by a lower comfort limit for human beings
with respect to radiation cooling. |

As regards operation case 3, see FIG. 8. The opera-
tion case 3 1s applied in night-time after a day with the
operation cases 1 and 2. It is apparent from this Figure
that then only a circulation takes place through the
building and the air condifioning unit 5, in that the
return air from the interior of the building is taken in at
the conduit 26, and its temperature is maintained in the
air conditioning unit 5. Through the roof construction
21 only ventilation by natural draught takes place by
means of the ventilation cowls 22. This is indicated by
the arrows 24. No outdoor air is taken in via the conduit
27, and the operation case 3 presupposes that no appre-
ciable activity occurs in the building during night-time.

As regards operation case 4, see FIG. 9. In this opera-
tion case the outdoor air is supplied directly via the
conduit 27 to the air conditioning unit S where its tem-
perature 1s determined, and the air then is supplied to
the building. The return air from the interior of the
building flows 1into the conduit 26 and is passed on to
the roof construction 21 by overpressure in the building
and by means of draught from the ventilation cowls 22.
Outdoor air can be supplied directly via the conduit 235
to the roof structure. The operation case 4 i1s actuated
when the amount of outdoor air from the roof structure
21, i.e. the air gap and the hollow ducts of the roof
framing, decreases to zero. This operation case is ap-
plied also at night-time or such day ending with the
operation case 2. At the time of return to day operation
on the following day, the temperature difference be-

" tween the exhaust air from the roof and the outdoor air

435

50

temperature is sensed. When this temperature differ-
ence falls below a certain value, operation case 2 1s
applied. Otherwise operation case 4 is continued. It is to
be observed that said temperature is decisive for the
operation cases and said temperature differences must
be determined for each individual case, because they

~ vary with the design and utilization of the building.

35

60

65

As an example it can be mentioned that, if the temper-
ature for the return air is higher than the temperature
for the outdoor air, the conduit 26 can be closed so that
the return air flows directly to the ambient while only
outdoor air 1s supplied to the roof structure via the
conduit 25 and the fan 23.

As regards the air conditioning unit 5§ may be added,
that this unit may comprise e.g. a heat exchanger of a
suitabie type, for example a regenerative heat ex-
changer or a recuperative one. In such operation case
when a recuperative heat exchanger is connected in
series with the roof structure (gap and ducts), the fol-
lowing advantages are obtained:

(1) Higher total efficiency degree; |
(2) Downward adjustment of the liquid flow in the air
heat exchanger for defrosting the exchanger is not re-

quired;
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(3) Anti-freeze addition in the form of glycol can be
reduced substantially, thereby yielding an improved
heat transfer, which results in a higher efficiency degree
because no downward adjustment 1s required.

In the foregoing, an imagined embodiment of the
invention has been described with reference to a pre-
ferred roof structure for carrying out the invention. As

already pointed out, the invention can be applied to
other roof structures, provided that an air flow accord-
ing to the invention can be established. The two impor-

tant criteria, thus, are that a gap exists between the
covering layer and the carrying roof plate, and that said
plate includes air ducts. The air shall be passed through
the gap and through the ducts for further treatment.
The invention also comprises the inverted flow path.
The operation cases described fall within the scope of
the invention, and in specific cases additional operation
cases can be imagined. Such a specific operation case
occurs when the roof plate consists of a sheet metal
plate 30 (FIG. 10) with a ribbed cross-section, the lower
surface of which at least partially is covered with a
building slab 31 with high heat storage capacity. The
ducts 9 are formed between the slab and the lower
surface of the plate. Said slab may consist in known
manner of polymer concrete having included therein a
salt mixture based on borax and “molten silicic acid”
with a suitably balanced melting temperature, about 23°
C. The roof plate is shown in FIG. 10. The operation
case in this embodiment occurring arises in the night
after operation case 1 and 2, and the system is so oper-
ated that the indoor air is taken through the heat storing
part of the roof, whereby a very active and efficient
heat storing function is obtained. In this operation case,
thus, a connection is opened between the inside air and
the heat storing part of the roof and at the same time the
connection between the heat storing part of the roof and
the air gap is closed.

We claim: |

1. An arrangement for air condition control of build-
ings of the type having a roof constructed of self-sup-
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8

porting roof plates having substantial mass and a rela-
tively wide span, and a covering layer supported on the
outside of the roof plates to provide an air gap between
said roof plates and said covering layer for passing air
therethrough, comprising ducts formed in said roof
plates, an opening in one end of said ducts, an air condi-
tioning unit, air intakes connected to the interior of the

building, means for connecting said opening to said air
conditioning unit and to said intakes, and one or more
upward connecting means connecting said ducts to said

air gap located thereabove.

2. An arrangement as defined in claim 1 wherein
pass-over conduits are provided for connecting the
ducts of several plates in series one after the other.

3. An arrangement as defined in claim 2 wherein said
pass-over conduits have an opening comprising said
upward connections.

4. An arrangement as defined in claim 1 wherein said
upward connections between said ducts and said air gap
are of a number and design to provide a substantially
uniform air flow in the gap.

5. An arrangement as defined in claim 1 wherein
means are provided for air exchange between the gap
and the atmosphere comprising a venting device lo-
cated in the ridge of the roof, said gap being closed at
the gutter valleys on the edge of the roof.

6. An arrangement as defined in claim 1 wherein said
ducts have transverse connections with ducts of the
adjacent roof plate. -

7. An arrangement as defined in claim 1 wherein said
roof plates comprise concrete elements with TT-shaped
cross-section, and said ducts are provided in substan-
tially every beam web of each concrete element.

8. An arrangement as defined in claim 1 wherein said
roof plates each comprise a plate having a ribbed cross-
section, the lower ribbed surface of which at least par-
tially 1s covered with a building slab with high heat
storage capacity, so that said ducts are formed between

said lower surface and the building slab.
- 3 * ok ¥
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